Permanent magnet synchronous motors ( PMSM) 
Introduction
Chaos in the permanent magnet synchronous motor and its control is a area of active research in the field of numerical control machine.The permanent magnet synchronous motor is a kind of typical multivariable and strong coupling nonlinear system and presents chaotic behavior in some parameters and working conditions [1] [2] [3] [4] [5] [6] , main performance for the torque and speed of intermittent oscillations, system of irregular electromagnetic noise, etc [7] [8] . These irregular movements affect the stable operation of the system, how to eliminate the chaotic behavior of permanent magnet synchronous motor system has become the attention control subject. In the first the chaos state of permanent magnet synchronous motor lists differential equation of the exact linearization, then uses different chaos control methods which have been used to control chaos in PMSM,such as the feedback control technology to balance, but this method is relatively complex and more difficult physical implementation [9] .Given a Washout filter technology based on the permanent magnet synchronous motor chaotic control method, the methods of cost control is large [10] .Use Backstepping method for permanent magnet synchronous motor controlled the chaos, but the design process is more complex, and design process will appear because virtual input differential and cause "differential of expansion" problem [12] [13] [14] [15] and the adaptive control method [16] [17] [18] .But many of the methods are not can apply directly to the engineering practice of chaotic systems. Although above methods can act effectively under their conditions, they do not consider the parameters variations，ernumerous control techniques have been developed for control of chaos in different chaotic systems [3] [4] [5] [6] [7] [8] .
It is worth noting that, in spite of the enormous number of published papers,very few rigorous results are so far available. Most results are justified by computer simulations rather than by analytical tools.Therefore,many problems remain unsolved.Although the adaptive control method [19] [20] [21] [22] is an effective way to control chaotic systems, in most research about chaos control, controller designs appear purely arbitrary and complex, and stabilization of the chaotic systems can only be realized from a mathematical viewpoint. There is no link between the controllers and the physical configuration of the electronic set-up. From the control theory viewpoint, the real problem for stabilization of the chaotic systems is designing a feedback scheme such that less possibly simple controllers are interconnected. Each controller is based on the adaptive feedback control strategy; thus, stabilization of the chaotic systems can be achieved by electronic realization.
In this paper, we present some new observations on chaotic indicator of the PMSM and a extended adaptive controller. Therefore, next section introduces the mathematical model of the PMSM, which is a three-dimensional autonomous equation with only two quadratic terms, and this model is fit for carrying on bifurcation and chaos analysis. The steady state characteristics of the motor are formulated when they are subject to constant input voltage and external torque.Furthermore, based on the Hopf bifurcation condition, we discuss how to determine the parameters of the PMSM in three different cases, with which the system can exhibit such desired dynamic characteristics such as strange attractor and chaotic indicator. In Section3, the controller based on a extended adaptive controller is discussed, this method is used to control the system's dynamics. The proposed scheme is fairly simple in comparison with other works and decreases the cost and complexity of the closed-loop system. Besides, this controller reduces the chattering phenomenon and guarantees some properties, such as the robust performance and stability properties in presence of parameter uncertainties and external disturbance. Then, stability of the proposed scheme is analyzed. Then, the control algorithm which is used to suppress chaos in the PMSM is given in Section 4,the simulation results are also presented. The proposed control algorithm used to induce chaos in the PMSM is outlined. Finally, some concluding remarks are given in Section 5.
Mathematical model of PMSM and chaotic indicator
The dynamics of PMSM can be modeled, based on the d-q axis [23] , [24] , 
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For the sake of simplicity,  
For the PMSM system, its Hopf bifurcation and chaotic behavior are discussed under the following cases. 0
,this case can be thought of as that, after an operating period of the system, the external inputs are set to zero. Thus, (3) becomes
The chaotic behaviors of Eq.(4) with different parameter set are displayed. When Runge-Kutta-Fehlberg integrator of variable time steps, is used to integrate the system (1), we obtain the chaotic attractor in Fig1,where initial condition ( , , The equilibria(5) as particular solutions of the system satisfy the following algebraic equations:
are the equilibrium points. At the point ei  , the Jacobian matrix of the linearized equations of the system (6) is written as
In this case, we obtain the characteristic equation of the Jacobian matrix in the form:
  To ensure Eq. (7) having one pair of approximate pure Imaginary eigenvalues and the other negative eigenvalues, the parameter σ is 5.46 and μ is 14.93, The FLI exponents is shown in fig.2(a) .All Lyapunov exponents of the PMSM can be attained, where initial conditions are gained, the cases of parameter μ=10,and μ=20 are independently considered,and the integration of each case does not stop until t=20000.Three Lyapunov exponents, such as(λ 1, λ 2, λ 3 )=(-0.25, -0.44, -24.8), are enough to show that the system for the case μ=10 is Lyapunov stable and its attractor is a stable fixed point and the system is ordered orbits. For μ=20, there are one positive and two negative Lyapunov exponents (λ 1, λ 2, λ 3 )=(1.55, -1.05, -27.4). Such a positive Lyapunov exponent determines that the system is dynamically unstable and chaotic, Seen from Fig. 2(b) that relates to FLIs for the two different values of parameter μ, The variations of FLIs are indeed different for the three case. The FLIs are almost invariant for μ=10 which shows the order of the orbit , but grow exponentially for μ=20 which displays choatic orbit.
On the one hand, all the eigenvalues of the characteristic equations have negative real parts which display the system stable when μ<14.93, On the other hand there are always two eigenvalues with positive real parts as μ>14.93. Namely, the stability of the existing equilibrium changes from being stable to unstable as the parameter μ is varied to pass the critical value 14.93. Thus, we can claim that a Hopf bifurcation occurs at μ=14.93 . As a point to emphasize, one pair of purely imaginary eigenvalues and all other eigenvalues having negative real parts are sufficient conditions for the occurrence of a Hopf bifurcation at a certain critical parameter value [22] . When the control forces put into controlling at any time ,it is stable at some Fig 2(a) . Lyapunov exponents Fig 2(b) . Fast Lyapunov exponents y Chaos Analysis and extended adaptive chaos control of Permanent Magnet Synchronous Motors Xiaohui Yang, Shaoping Xu, Hesheng Liu, Guoping Liu equilibrium points, The Lyapunov spectra is shown in fig.3 .
A extended adaptive controller
Adaptive Controller provides techniques for automatic adjustments in real time of controller parameters to achieve or maintain a desired level of system performance when the process parameters are unknown or variable. In this section, we establish a novel, simple and universal extended adaptive feedback controller for PMSM, and then propose the main results of this paper.
Consider a chaotic system be given as
R is a smooth vector function, i.e. Without loss of generality, let n R   be a chaotic bounded set of (8) 
This condition meets extraordinarily with the uniform Lipschitz condition. Therefore the class of systems system in the form of (8) and (9) includes almost all well-known finite-dimensional chaotic.
In order to stabilize the chaotic orbits in (8) 
Obviously,if and only if
is contained in the biggest invariant set.Under the action of controlled chaotic system (10),a extended adaptive chaotic controller (11) is asymptotic stability . Therefore, the proof is completed.In the practical control, the adaptive coefficient  is very small. The control strength factor of  is determined by the maximum Lyapunov exponents of adaptive control system, so when  lies in less than a certain value, that is 0 1    ,the control energy naturally decreases.
Simulations
In this section, we take PMSM as an example to show how to use the results obtained in this paper to stabilize chaotic orbits in a chaotic system. We consider PMSM
, , is is equilibrium point of system.We select the initial states values of the PMSM (7) 
Conclusion
To summarize, the dynamic characteristics of PMSM have been studied in detail.It was demonstrated that the system could exhibit different dynamic characteristics by adjusting system parameters properly, such as steady chaotic states. A extended adaptive feedback control method has been proposed to adjust these parameters for intended dynamics,the method that is capable of realizing chaos control for PMSM has been obtained in this paper. Unlike the previous methods, the present controller method is not only simple but also is smal in control energy. The condition for selecting control strength factor has been given and the present control method is simple,flexible, suitable in practice because of reduced control cost. Simulation results are presented to show the effectiveness of the proposed method. 
Acknowledgments

